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摘  要 
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测得在 90℃时，当低速段转速和高速段转速的大小和时间分别为 500 rpm 和 8s， 
2500 rpm 和 20s 的条件下，旋涂后的石蜡膜厚度沿径向方向的梯度较小，其值基
本稳定在 2.7μm 左右，石蜡膜厚度最大误差为 0.867μm。经 0.6 Mpa 的气动压力




残余应力从-2201.93 MPa 减小到-197.49 Mpa，表面粗糙度 Ra 减小到 0.7448nm。
硅片的翘曲度由最大的 323.3μm 减小到 19.3μm，与测得的双抛裸片翘曲度基本
一致。 


















The preparation of high-performance, high-sensitivity, and low-cost silicon 
structural layer has become the key to industrialization of MEMS devices. Lapping 
and polishing thinning method has high removal rate, surface precision, and very 
good protection to device's pin holes of glass layer, so it is widely used in the process 
of the MEMS device structural layer preparation and encapsulation. The research on 
nonuniformity of lapping and polishing thinning and warp deformation of silicon 
wafer is relativele few, which restricts the industrialization of MEMS devices of our 
country. So the paper carriers out following research in view of the relevant problems 
in lapping and polishing thinning: 
(1) The factors influencing nonuniformity of the material removal rate (MRR) in 
wafer lapping process were studied. According to Preston's equation, analyzing the 
relationship between the MRR nonuniformity and the velocity of any point on silicon 
wafer relative to the velocity of the grinding wheel from the kinematics, when the 
angular velocity of lapping wheel is equal to the angular velocity of carrier, same 
magnitude of the relative velocity is found throughout the contact surface of the wafer. 
So the MRR is determined by contact surface pressure. Then, the finite element 
simulation of the contact surface pressure distribution of the method based on carrier 
deadweight lapping and method using principal axis putting pressure lapping is 
conducted. The nonuniformity of interface pressure distribution is mainly caused by 
paraffin pasting error. 
(2) The process of paraffin pasting to the carrier after spin coating is innovative 
proposed to decrease the pasting error. The experimental conditions is that the angular 
velocity of carrier and its corresponding time of low-speed rotating are 500 rpm and 
8s; the parameters of high-speed rotating are 2500 rpm and 20s, and the temperature 
is 90℃. Then, measuring radial direction gradient of paraffin film rotated under this 
















substantially, the maximum error of the thickness is 0.867μm. The wafer is pressed by 
pneumatic pressure of 0.6 MPa after pasting and the maximum variation of total 
thickness is not more than 3μm. 
(3) Illustrating the silicon wafer subsurface residual stress and the reason of 
deflection deformation. Then studying the variation of the silicon surface residual 
stress with the abrasive particle diameter, the polishing particle diameter and lapping 
wheel speed experimentally, the lapping and polishing process of reducing the 
deflection deformation is compared and optimized. Under the optimal process the 
residual stress of the thinned wafer surface is reduced from -2201.93 MPa to -197.49 
MPa, the surface roughness Ra is also reduced to 0.7448 nm. The warp of silicon 
wafers is reduced from the maximum 323.3 μm to 19.3 μm after the process, which is 
basically identical to the warp of double polished new wafer. 
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第一章 绪  论 
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第一章 绪  论 
1.1 课题背景 
1.1.1 国内外研究概况 
单晶硅片是微机电系统(Microelectromechanical System, 简称 MEMS)应用最
广泛的基础材料之一，全世界每年生产约 1.5 亿片不同尺寸的硅片以满足电子信
息产业的需求[1]。微机电系统(MEMS)是指特征尺寸在 1~1000 μm 之间，利用
MEMS 加工技术将机械和电子元件集成的器件。随着计算机、通信及网络技术
的高速发展，微机电系统的技术进步日新月异，不断向高集成化、高密度化和高
性能化的方向发展，由此带动了 MEMS 产业的迅猛发展[2]。 












型金刚砂轮断面磨削的旋转工作台式磨削（surface grinding on a rotary table）和


















图 1- 1 硅片超精密磨削减薄方式: (a)硅片旋转磨削； (b)旋转工作台式磨削 
 
在超精密磨削的工艺规律及硅片表面损伤的研究方面，日本 Libo Zhou 和 P.L. 
Tsuo 等人建立了硅片旋转磨削的磨料运动轨迹、接触长度的数学模型，分析了
不同磨削条件下磨料运动轨迹特点、磨料运动轨迹的密度沿径向的变化规律及其
对材料去除和表面粗糙度的影响[4]，如图 1- 2 所示，n1 和 n2 分别为磨轮和硅片的
转速。美国 Z.J. Pei 等人建立了预测磨料切削路径形状和计算磨痕间距的数学模
型，并且研究了磨痕与磨削参数之间的关系，提出了控制磨痕间距的方法[5]。
L.C.Zhang 等采用透射电子显微镜对压痕、划痕、超精密磨削和抛光条件下引起
的单晶硅亚表面损伤进行了研究[6]，如图 1- 3 所示。分析了超精密磨削加工参数
对单晶硅表层的裂纹、位错和非晶等微观组织变化的影响，阐明了亚表面损伤规
律和以延性域的模式去除单晶硅表面材料的本质。Y. Gogotsi 等采用显微 Raman
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